How to cite this article: Sinyov VV, Sazonova MA, Ryzhkova AI, Galitsyna EV, Melnichenko AA, Postnov AY, Orekhov AN, Grechko AV, Sobenin IA. Potential use of buccal epithelium for genetic diagnosis of atherosclerosis using mtDNA mutations. Vessel Plus 2017;1:145-50.
INTRODUCTION
Investigations of the human genome make the early, presymptomatic diagnosis of different pathologies possible. According to the literature, [1] [2] [3] [4] various pathologies, including atherosclerosis, may be associated with mitochondrial mutations. The phenomenon of heteroplasmy is typical for the mitochondrial genome, meaning that a quantitative assessment of mutant alleles in the mitochondrial genome is necessary when investigating the association of mitochondrial mutations with diseases, in particular, the heteroplasmy level of mutations associated with pathologies should be evaluated.
Because of the instability of the mitochondrial genome, both somatic and hereditary mutations often occur. These can accumulate, influencing the phenotype of the carrier. According to the literature, heteroplasmy of the mitochondrial genome is common in normal human cells.
[5] During human embryogenesis, in the process of determining cells and tissues, morphologic and chemical differences occur between cells. As a result of cell division, mitochondria are randomly distributed between cells. This determines the difference between cells in the ratio of normal and mutant molecules of mitochondrial (mt)DNA. It has previously been established that single nucleotide polymorphisms of the mitochondrial genome are unevenly distributed in the tissues and organs of adults. [6] [7] [8] This uneven distribution impedes the use of biomarkers in diagnosing different diseases. Therefore, the identification of biomarkers for the non-invasive genetic diagnosis of pathologies seems an interesting prospect.
The aim of the present pilot study was to compare heteroplasmy levels in mtDNA m.12315G>A, m.3336T>C, m.1555А>G, m.13513G>A, and m.3256C>T between human buccal epithelial cells and whole blood cells in individuals with different degrees of predisposition to atherosclerosis. The potential use of buccal epithelium for the genetic diagnosis of atherosclerosis using mutations in mtDNA was assessed.
METHODS
This study was carried out according to the Declaration of Helsinki and with permission of an ethics committee (Russian Cardiology Research and Production Complex, Moscow, Russia). Samples were taken from 134 donors, all of whom provided a written informed consent.
Samples of buccal epithelial and whole blood cells were obtained from the donors.
High-resolution B-mode ultrasonography using a linear vascular transducer at 7.5 MHz with the SonoScape SSI-1000 ultrasonic scanner (SonoScape Medical Corp., Shenzhen, China) was used to determine the degree of arterial stenosis of each participant. Intima-medial thickness (IMT) was measured using the program ProSound (R. Selzer, California Institute of Technology, Pasadena, USA). Ultrasonographic examination of the carotid arteries included scanning the left and right carotid arteries with a focus on the back wall of the artery in three fixed projections: anterolateral, lateral, and posterolateral. DNA phenol-chloroform extraction Total DNA for this study was isolated from whole blood using phenol-chloroform extraction. [10, 11] This DNA isolation method included the following steps: (1) cell lysis (using sodium dodecyl sulfate); (2) enzymatic degradation of proteins with proteinase K; (3) cell lysate deproteinization with phenol and chloroform.
The above-mentioned stages of pure DNA product isolation came amid centrifugation to remove denatured proteins and fragments of cell organelles.
Next, DNA was precipitated from the solution using ethanol and, following centrifugation, the precipitate was dissolved in a buffer solution.
Polymerase chain reaction
Polymerase chain reaction (PCR) was conducted with the aim of amplifying the short-chain mtDNA fragments to achieve a sufficient number of amplicon copies for further analysis of these fragments. The conditions for PCR were mentioned in previous publications. 
Pyrosequencing
Short-chain amplicons obtained during PCR were subjected to pyrosequencing in order to determine the nucleotide sequences of these fragments and assess heteroplasmy levels in the investigated mtDNA positions. This work was performed using the PSQ96MA pyrosequencer (Biotage AB, Uppsala, Sweden), as previously described.
[13]
Analysis of heteroplasmy levels in mtDNA mutations
Quantitative assessment of the mutant allele involved estimating the heteroplasmy levels of mtDNA mutations, using the pyrogram peak height of each sample in the studied region of a single-stranded PCR fragment of mitochondrial genome. The general formula for calculating the percentage of heteroplasmy was as follows:
Where: P is the percentage heteroplasmy; h is the peak height of the investigated nucleotide; N is the peak height of the investigated nucleotide, relevant to the presence of 100% of normal alleles in a sample; M is the peak height of the investigated nucleotide, relevant to the presence of 100% of mutant alleles in a sample.
Statistical processing of the data was carried out using the software package SPSS version 22.0 (SPSS Inc., USA).
[14] Independent samples were assessed using t-tests and Mann-Whitney U-tests, and correlation analyses were also conducted. Differences were considered significant at P < 0.05.
Next, the possibility that buccal epithelium might be equivalent to whole blood for the genetic diagnosis of atherosclerosis was assessed. For this purpose the threshold heteroplasmy level of mutations was used, after which in individuals atherosclerotic plaques were detected or antiatherogenic effect of these single nucleotide substitutions manifests. [14] According to the data, previously obtained by the members of our laboratory, [11] the threshold heteroplasmy level of mtDNA mutations for atherosclerotic plaques in human carotid arteries for atherogenic mutations is: 17.5% for m.1555А>G; 6.5% for m.3336T>C; 7.5% for m.12315G>A; and 15.5% for m.3256C>T. For the antiatherogenic mutation m.13513G>A, the threshold level of heteroplasmy is 32.5%.
RESULTS
The investigated sample of 134 participants was divided by gender and age. All the examined individuals had their IMT measured. A total of 35 of the donors were men, with a mean ± standard deviation (SD) age of 61 ± 10 years and an IMT of 0.84 ± 0.21 mm. The remaining 97 donors were women, with a mean ± SD age of 61 ± 11 years and an IMT of 0.79 ± 0.41 mm.
During the quantitative assessment of the mutant allele of mitochondrial genome, data on the heteroplasmy levels in buccal epithelial and whole blood cells were obtained [ Figure 1 ]. The obtained data were analyzed using the t-test for independent samples. Significant differences in the heteroplasmy level of the mitochondrial genome mutation m.3256C>T were found between buccal epithelial and whole blood cells (P = 0.01). However, there were no differences in the mutations m.13513G>A (P = 0.48), m.3336T>C (P = 0.65), m.12315G>A (P = 0.13), and m.1555А>G (P = 0.23).
The difference between average heteroplasmy levels of the investigated mutations did not exceed 5% and the standard error in a range of cases was higher than the mean level. This is probably connected to the fact that each individual has a different heteroplasmy level of mtDNA mutations, and that heteroplasmy levels significantly differ within an investigated sample. Therefore, it is unlikely that the impact of the heteroplasmy level of mitochondrial genome mutations on different human diseases can be evaluated using the percentage expression of mutational burden. To determine the difference in heteroplasmy levels among samples, it is necessary to convert heteroplasmy levels into rank values using the threshold value of heteroplasmy percentage. It should be noted that, despite the fact that the average heteroplasmy level for a number of mutations was much lower than the threshold level (e.g. for mutation m.13513G>A, the threshold heteroplasmy level was 32.5% while the average value of this parameter for the buccal epithelium and whole blood was 15% and 14%, respectively), some individuals had heteroplasmy levels above the threshold level.
After ranking the heteroplasmy levels, differences in the mutational burden distribution in buccal epithelium and whole blood were determined using the Mann-Whitney U-test [ Table 1 ]. As can be seen in Table 1 , the threshold heteroplasmy level of the mutations m.12315G>A, m.13513G>A, m.1555А>G, m.3256C>T, and m.3336T>C, which are associated with atherosclerotic plaques, did not significantly differ between the buccal epithelium and whole blood.
Consequently, DNA samples from both the buccal epithelium and the whole blood may be of use for the molecular genetic diagnosis of atherosclerosis using mitochondrial genome mutations associated with this disease.
To check the distribution of heteroplasmy values in different cell types and their association with gender, age, the degree of angiostenosis, and IMT, a correlation analysis of heteroplasmy levels in the buccal epithelium and whole blood was carried out. The parametric variables of age and IMT were compared with the average heteroplasmy levels of the mitochondrial genome mutations m.12315G>A, m.13513G>A, m.1555А>G, m.3256C>T, and m.3336T>C, while the non-parametric variables of atherosclerotic plaques and gender were compared with threshold heteroplasmy level distributions. Variability was assessed according to the available data on the size of an atherosclerotic plaque (in points) [ Table 2 ].
A correlation analysis was performed between the threshold levels of heteroplasmy in the mitochondrial genome mutations m.12315G>A, m.13513G>A, m.1555А>G, m.3256C>T, and m.3336T>C in the buccal epithelium and whole blood, and the atherosclerotic plaque size, IMT, age, and gender of individuals from the investigated sample [Tables 3 and 4 ]. The differences were considered significant at 95% probability of faultless prognosis. These analyses found that the heteroplasmy level of mutation m.1555А>G in the buccal epithelium was significantly positively correlated with IMT and negatively correlated with age [ Table 3 ].
In whole blood, the heteroplasmy level of mutation m.1555А>G was significantly positively correlated with IMT, similar to the correlation in the buccal epithelium.
DISCUSSION
A range of scientific publications have indicated that mitochondrial genome mutations, which are associated with several human diseases, can be unequally distributed in tissues and organs. [15, 16] This has been shown in research with both healthy participants and those affected by disease.
[17,18] Therefore, we studied the heteroplasmy levels of the mutations m.12315G>A, m.13513G>A, m.1555А>G, m.3256C>T, and m.3336T>C, which have been associated with atherosclerosis, and the distribution of these mutations in different tissues and organs. To compare different cells and tissues, we used the parameter of the threshold heteroplasmy level of mutations. This enabled us to calculate average differences in heteroplasmy levels among samples from various participants. This parameter was calculated on the basis of the correlation between mtDNA mutations and the degree of atherosclerosis of the arterial vessel wall.
[9] The results indicate the absence of significant differences in threshold heteroplasmy levels of the mitochondrial genome mutations m.12315G>A, m.13513G>A, m.1555А>G, m.3256C>T, and m.3336T>C between human buccal epithelium and whole blood. In addition, we studied the variability of heteroplasmy levels in the same mutations in participants with different IMTs and different degrees of luminal occlusion. No correlation between the heteroplasmy level of mtDNA mutations and atherosclerotic plaque size was found. This may indicate an insufficient sample size to identify such a relationship. However, a significant direct correlation of mutation m.1555А>G with IMT was detected for DNA samples from both the buccal epithelium and whole blood. In line with previous research, [16, [19] [20] [21] we found no correlation between the level of mutational burden and either gender or age, apart from an inverse correlation of mutation m.1555А>G with age in buccal epithelial samples.
It is possible that the data on mutation m.1555A>G indicate that individuals with a high heteroplasmy level of this mutation may have a higher IMT than their peers with lower heteroplasmy levels. It is important to note that mutation m.1555A>G is localized in the gene of subunit 12S of the mitochondrial genome. The association of this mutation with increased IMT may suggest that defects in mitochondrial ribosomes can lead to a decrease in the protein chains of respiratory enzymes. This might result in decreased ATP synthesis in cells, leading to oxidative stress and the unlimited proliferation of mutant cells. Such a process might culminate in increased IMT in the carotid arteries and the formation of atherosclerotic plaques (i.e. atherosclerosis).
In conclusion, the buccal epithelium and whole blood are quite common subjects of investigation in medicine, in particular in the genetic diagnosis of various human diseases. The data obtained during the present study suggest that DNA samples from either the buccal epithelium or whole blood can be used to determine the heteroplasmy levels of the mitochondrial genome mutations m.12315G>A, m.13513G>A, m.1555A>G, m.3256C>T, and m.3336T>C, which have been associated with atherosclerosis. It should be emphasized that buccal epithelial samples are far easier to collect, making this a preferable tissue for studying the association of mitochondrial genome mutations with atherosclerosis and the search for new biomarkers.
These findings will be of particular interest to specialists in medical genetics and medical practitioners. 
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